vasive microendoscopic laminotomy is performed for the treatment of LSS. Unlike the traditional open laminectomy, this procedure can effectively achieve neural decompression without excessive removal of the posterior stabilizing structures. The degree of low-back pain after surgery is generally mild. 7 The purpose of this study was to evaluate whether preoperative spinal sagittal balance affects low-back pain and clinical outcomes after microendoscopic laminotomy for LSS.
methods patients
This study was a retrospective review of prospectively collected surgical data. For this study, 5 authors (S.D., H. Toyoda, A.S., H. Terai, and H.N.) retrospectively reviewed the records of 93 patients with a diagnosis of LSS who had consecutively undergone microendoscopic laminotomy from May 2008 through October 2012. The minimum of clinical and radiological follow-up time was 6 months. Mean symptom duration before surgery was 3.3 years (range 4 months-20 years), and patients were observed for a mean duration of 16 months after surgery (range 6-48 months). Of the 93 patients who were considered for inclusion in the analysis, 5 were excluded because they had previously undergone spinal surgery (n = 4) or had a vertebral fracture (n = 1). We included the remaining 88 patients (47 male and 41 female), whose mean age was 68.7 years (range 39-86 years), in the analysis.
All 88 patients had experienced lower-extremity pain and/or numbness, 45 patients were severely limited in the distance they could walk (< 100 m), 35 patients had decreased muscle strength in one or both of the lower extremities, and 6 patients had urinary dysfunction. LSS was categorized as cauda equina type for 9 patients, radicular type for 15 patients, and mixed type for 54 patients. Degenerative spondylolisthesis (> 3 mm) was present in 36 patients, and scoliotic disc wedging (> 3°) was present at the affected level in 17 patients. Exclusion criteria for use of this surgical procedure in patients with degenerative spondylolisthesis were anterior slippage greater than 25% and segmental kyphosis in flexion greater than 5°. Exclusion criteria for use of this surgical procedure in patients with degenerative lumbar scoliosis were as follows: 1) Cobb angle greater than 25°, 2) severe low-back pain, 3) changes in segmental disc wedging between standing and prone position greater than 5°, and 4) lateral disc slippage greater than 3 mm. Diabetes was documented for 14 patients (controlled by insulin for 3 patients); and other internal diseases such as hypertension, ischemic heart disease, and chronic renal disorder were reported for 62 patients. The American Society of Anesthesiologists physical status was Class I for 17 patients, Class II for 66 patients, and Class III for 5 patients.
A total of 79 patients underwent decompression at a single level (68 patients at L4-5, 8 at L3-4, 2 at L5-6, and 1 at L5-S1), and 9 patients underwent decompression at 2 levels (7 patients at L3-5, 1 at L2-4, and 1 at L4-S1).
Patients were divided into 2 groups according to the sagittal vertical axis (SVA): a forward-bending trunk group (F group; SVA ≥ 50 mm) and a control group (C group; SVA < 50 mm; see Fig. 2 ). A total of 35 patients were allocated to the F group (19 male and 16 female), and 53 were allocated to the C group (28 male and 25 female).
Surgical procedure
All patients underwent bilateral decompression via a unilateral approach to decompress the central canal and bilateral lateral recesses performed by using the METRx Microendoscopic Discectomy System (Medtronic Sofamor Danek) as described by Toyoda et al. 18 After the level was confirmed under fluoroscopic guidance, an 18-mm skin incision was made on the approach side. The endoscope was attached to an 18-mm tubular retractor. Laminotomy was performed on the approach side by use of a Kerrison rongeur air drill and an osteotome. Decompression was then performed on the contralateral side after tilting of the tubular retractor (Fig. 1) .
clinical evaluations
Surgical outcomes were evaluated by using the Japanese Orthopaedic Association (JOA) score for low-back pain, which consists of 4 categories and has a maximum score of 29 points (Table 1 ). The JOA score improvement ratio (%) was calculated as follows: (postoperative JOA score -preoperative JOA score)/(29 -preoperative JOA score) × 100. JOA score and visual analog scale (VAS) ratings of low-back pain, leg pain, and leg numbness were determined before surgery and at the final follow-up evaluation. The VAS score for pain or numbness intensity ranged from 0 to 100 mm and was anchored by "no pain or numbness" (score of 0) and "worst imaginable pain or numbness" (score of 100). These data were collected at the standardized times of 6 months, 1 year, and 2 years after surgery.
radiological evaluations
Images were assessed by 3 authors (S.D., H. Toyoda, and T.M.), who were blinded to outcomes. By using lateral standing films of the entire spine obtained before surgery, as described by Jackson and McManus, 8 they measured the distance between the C-7 plumb line and the posterior corner of the sacrum (the SVA; Fig. 2 ), the angle between the upper margin of L-1 and S-1, sacral slope, pelvic tilt, and pelvic incidence (Fig. 3 ).
Statistical analysis
Radiological factors and clinical outcomes were statistically compared between the 2 groups by using the Student t-test or the Mann-Whitney U-test for continuous variables and the chi-square test for categorical variables. Correlations between SVA and preoperative and postoperative VAS scores for low-back pain were analyzed by using the Pearson correlation. All statistical analyses were performed by using IBM SPSS Statistics for Windows, version 19 (IBM Corp.). A p value < 0.05 was considered statistically significant.
results
Demographic characteristics of the patients are shown in Table 2 . At the time of surgery, the age of patients in the F group (mean 71.1 years, range 45-86 years) tended to be lower than that of patients in the C group (mean 67.1 years, range 52-82 years; p = 0.058). However, no significant differences were found between the groups in terms of sex, duration of symptoms, duration of operation per vertebral level, blood loss per level, or number of decompression levels. The mean SVA was 81.0 mm (range 51-170 mm) for patients in the F group and 22.0 mm (range -43 to 49 mm) for patients in the C group. The L1-S1 angle for patients in the F group (mean 22.9°, range -18° to 43°) was significantly lower than that for those in the C group (mean 32.8°, range -11° to 58°; p = 0.001). However, no significant between-group differences were found for sacral slope, pelvic tilt, and pelvic incidence angle.
There were 3 patients in the F group and 2 patients in the C group with a dural tear, and 2 of the 5 patients had transient neurological deterioration. One patient experienced neurological complications on the contralateral side, which included mild paresthesia and a decrease in muscle strength. clinical results Some of the mean values are presented ± SD. The mean preoperative VAS score for low-back pain was 50.4 ± 29.8 mm for patients the F group and 42.0 ± 31.5 mm for those the C group; the mean preoperative VAS score for leg pain was 57.7 ± 30.4 mm for patients in the F group and 60.0 ± 28.1 mm for those in the C group; and the mean preoperative VAS score for leg numbness was 42.8 ± 27.8 mm for patients in the F group and 55.2 ± 29.2 mm for those in the C group. These values did not differ significantly between the groups. However, preoperative JOA scores tended to be lower for patients in the F group (mean 12.9, range 3-21) than for those in the C group (mean 14.7, range 6-22; p = 0.054).
At the final follow-up evaluation, the mean JOA score was 24.5 for patients in the F group and 25.7 for those in the C group, and the JOA score improvement ratio was 73.3% for patients in the F group and 77.1% for those the C group (not significantly different, p = 0.364) (Fig. 4) . Also at the final follow-up evaluation, the VAS score for low-back pain was higher for patients in the F group (21.0 ± 24.4 mm) than for those in the C group (11.0 ± 16.6 mm; p = 0.044), and the VAS score for leg pain tended to be higher for patients in the F group (18.9 ± 29.1 mm) than for those in the C group (9.4 ± 16.0 mm; p = 0.055) (Fig.  5 ). There was a positive correlation between preoperative SVA and preoperative VAS scores for low-back pain and between preoperative SVA and VAS scores for low-back pain at the final follow-up evaluation (Fig. 6) . At the final follow-up evaluation, the VAS score for leg numbness was 23.6 ± 29.6 mm for patients in the F group and 24.0 ± 25.4 mm for those in the C group; this difference was not statistically significant.
discussion
Microendoscopic laminotomy is a modification of microscopic bilateral decompression via a unilateral approach. This procedure is widely performed and reportedly provides good clinical outcomes. 7, 10, 12 It has several advantages over the microsurgical procedure for the posterior soft tissues; it is minimally invasive to the paraspinal muscles because the tubular retractor enables gentle tissue dissection and minimizes retraction of the paraspinal muscles. Mayer et al. 11 reported decreased paraspinal muscle strength and atrophy after extensive muscle retraction during open decompression. Ikuta et al. 7 demonstrated that in patients with LSS, creatine kinase recovered to preoperative levels within 1 week of microendoscopic laminotomy and that the degree of low-back pain after surgery was mild.
The advantages of microendoscopic laminotomy are maximal preservation of structural components such as midline structures, facet joints, and paravertebral muscle and enlargement of the central parts of the spinal canal. Therefore, the radiographic changes that occur after this procedure are similar to those that occur naturally in the course of LSS. From this point of view, clinical outcomes after this procedure could provide useful information about the pathology of LSS. In our study, VAS scores for low-back pain improved significantly after microendoscopic laminotomy, more so for patients without forwardbending trunk posture before surgery (controls) than for patients with forward-bending trunk posture. Furthermore, preoperative SVA correlated with both preoperative and postoperative VAS scores for low-back pain. We speculate that neural compression was the main cause of low-back pain for the LSS patients in this study and that preoperative sagittal parameters, as determined radiographically, strongly affected residual postoperative lowback pain.
Abnormal spinal alignment in the sagittal plane during standing is influenced by decreased paraspinal muscle strength resulting from aging and any accompanying decrease in spinal mobility. Takemitsu et al. 17 described how continuous extension of the paraspinal muscles caused by long-term forward-bending posture increases the pressure on those muscles and promotes local ischemia. Schwab et al. 13 reported that reduction of SVA to < 50 mm brought the C-7 plumb line behind the femoral heads to relieve the complaint of falling forward and that it improved quality of life. Several studies have shown that positive sagittal balance is correlated with adverse health status outcomes among adults with uncorrected spinal deformity. 5, 6 Previous studies have reported that a more forward SVA with loss of lumbar lordosis is positively correlated with age. 4 In our study, pelvic parameters such as sacral slope, pelvic tilt, or pelvic incidence angle were similar between groups. However, we found that patients with preoperative forward-bending trunk posture had significantly less lumbar lordosis and tended to be of older age and to have a lower preoperative JOA score than did patients without preoperative forward-bending trunk posture. This finding supports the results of other studies. Suzuki et al. 15 reported a correlation between SVA and JOA scores among patients with LSS, and Endo et al.
2 reported a correlation between SVA and JOA scores among patients with lumbar disc herniation. However, in our study, JOA score improvement ratio and postoperative VAS scores for leg pain and leg numbness were similar among patients with and without preoperative forward-bending trunk posture. Therefore, microendoscopic laminotomy for LSS is useful even for patients with forward-bending trunk posture.
Many factors have been identified as risk factors for low-back pain, including body mass index, age, sex, and spinal sagittal balance. 8, 14, 19 Unfortunately, despite many clinical studies, the strength of the associations between these factors and low-back pain remains inconclusive. Enomoto et al. 3 reported that patients with lumbar kyphosis had more activity in the lower-back muscles when in a standing position and more muscle fatigue in the upper lumbar spine region than did patients with LSS. From the results of our study of microendoscopic laminotomy in patients with LSS, we speculate that neural compression and abnormal translation of SVA are possible causes of low-back pain in patients with LSS.
Our study has several limitations. First, the minimum follow-up period of 6 months was short for the treatment of degenerative LSS. Second, we did not show the postoperative SVA. Further research into SVA change after lumbar decompression might be needed.
To the best of our knowledge, ours is the first study to examine the association between preoperative alignment of the spine in the sagittal plane and clinical outcomes after microendoscopic laminotomy in patients with LSS. Microendoscopic surgery itself is minimally invasive to the paraspinal muscles. However, preoperative abnormal translation of SVA was associated with residual low-back pain after this procedure.
conclusions
Among patients with LSS, alignment of the spine in the sagittal plane did not affect JOA scores after microendoscopic laminotomy. However, low-back pain was worse for patients with preoperative anterior translation of the C-7 plumb line than for those without. 
